The subcutaneous matrigel plug assay in mice is a method of choice for the in vivo evaluation of pro-and anti-angiogenic factors. In this method, desired factors are introduced into cold-liquid ECM-mimic gel which, after subcutaneous injection, solidifies to form an environment mimicking the cancer milieu. This matrix permits the penetration of host cells, such as endothelial cells, and therefore, the formation of vasculature.
Introduction
The matrigel plug angiogenesis assay was first described by Kibbey et al. in 1992, where it was used to evaluate angiogenesis stimulation by the peptide SIKVAV (Ser-Ile-Lys-Val-Ala-Val) 1 . In contrast to other in vivo angiogenesis assays, like the mouse corneal angiogenesis or chick chorioallantoic membrane assays, this assay is relatively easy to perform 2 . The injected ECM-mimic gel may contain cells, pro-angiogenic or an anti-angiogenic compounds and/or factors. When evaluating the activity of an anti-angiogenic compound, the plug normally contains a mixture of vascular endothelial growth factor (VEGF) and fibroblast growth factor (FGF), and the anti-angiogenic substance can be administered directly into the plug or systemically 3, 4 .
The ECM-mimic gel is injected subcutaneously where it solidifies within minutes. Assessment of blood vessel recruitment in the resulting plug is typically performed by measuring hemoglobin levels within the plug, by fluorescence signal measurement following injection of fluorescein isothiocyanate (FITC)-labeled dextran, by immunostaining of histology sections for endothelial-specific markers or by fluorescence-activated cell sorting (FACS) 2, 5, 6 . However, this assessment only allows end-point analysis and lacks information about the functionality and morphology of blood vessels. In addition, measurements of plasma volume, either by hemoglobin levels or by using dextran-FITC as an indicator, may be misleading since blood content is affected by the size of blood vessels and the extent of stagnant pools of blood. This is especially crucial when the recruited vasculature is characterized by the enhanced permeability and retention (EPR) effect 7 .
We herein propose a new, more precise, method for visualization of the recruited blood vessels by combining two complementary imaging modalities. High-resolution microbubbles contrast-enhanced ultrasound (US) combined with intravital fibred-confocal endomicroscopy can provide information not only about blood vessel density, but also on their morphology and functionality. Moreover, this analysis can be performed at several time points thereby enabling monitoring of angiogenesis kinetics. US is a widely-used imaging modality which possesses high spatial resolution for blood vessels imaging following intravenous (i.v.) injection of microbubbles that remain exclusively in the vascular compartment [8] [9] [10] [11] . The microbubbles are gas-filled microbubbles that produce a strong echogenic signal when excited with an US pulse and thus serve as a good contrast agent. 3D images of the plug are acquired using the US imaging system software following microbubbles destruction. The resulting images are composed from image frames of pre-and post-destruction of microbubbles and reflect the difference in video intensity in color. These overlayed images are automatically displayed by the software. Consequently, the percent of functional vessels within the plug can be quantified. High resolution fibered confocal endomicroscopy serves as a complementary imaging modality by reporting on blood vessels morphology. In
